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Abstract 
Bulk micromachined Pirani pressure gauges have been processed on 1 m thick silicon nitride membranes and on 
1 m thick nitride bridges resembling an H-shaped structure with the meander-shaped heating element positioned in 
the crossbar region of the H.  For the membrane device, the resistor element is fabricated from 20 nm Cr/200 nm Au 
and for the H-shaped device from 30 nm Ni.  The choice of using an H-shaped device and thinner, different metal 
was governed by the desire to increase the thermal resistances of the silicon nitride support structure and of the metal 
lines connecting the resistor element to the silicon cold junction, thus obtaining larger sensitivity and increased 
pressure range. It will be demonstrated that by heating the resistor elements via photon absorption using a green solid 
state laser as compared to Joules I 2 R heating, the relative resistance change versus pressure dependency shifts by 
about one order of magnitude towards lower pressures for both device structures.  This fact is desirable for measuring 
pressures in the 1x10-3 to 1x10-6 Torr range using these miniaturized gauges. 
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
MEMS-based vacuum gauges are of interest for monitoring pressures inside of hermetically sealed 
enclosures that are used for energy harvesters, RF switches, resonators, vacuum nanoelectronic devices 
and others.  Some of these devices are described in detail in a review article by Drzazga [1].  The most 
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popular miniaturized vacuum gauge is the Pirani gauge.  The distance ’d’ between the resistor element 
and the cold junction determines the measurable pressure range of the device.  Near atmospheric 
pressures, these distances are in the micrometer or sub-micrometer range and extend to about 1000 m to 
measure pressures in the 1x10-3 Torr range.    
To measure pressures below that range, careful considerations have to be given in the design such that 
the thermal resistances of the metal lines connecting the resistor element to the cold junction and of the 
thermally insulating support structures are of the same magnitude or larger than the thermal resistance of 
the gas at these low pressures which is of the order of 10 7 K/W.  It is customary to energize the resistor 
elements via Joules heating and monitor the resistance change as a function of pressure.   
In this paper, it will be shown that by heating the resistor element with a green solid state laser with 
Ȝ = 532 nm, the relative resistance change versus pressure dependency shifts by an order of magnitude 
towards lower pressures.  This fact is desirable for using micromachined thermal-based vacuum gauges in 
the 1x10-6 Torr range.  The laser-induced heating concept will be demonstrated for a 2740 m square 
silicon nitride membrane device in which the resistor element is fabricated from 20 nm Cr/200 nm Au and 
for an H-shaped silicon nitride bridge device in which the resistor element is fabricated from 30 nm Ni.  
The choice of thinner Ni over Cr/Au was governed by the desire to increase the thermal resistance of the 
two metal lines connecting the resistor element to the cold junction.  The choice of using an H-shaped 
device over a membrane structure was also governed by increasing the thermal resistance of the silicon 
nitride support structure.  Both devices have the same distance d of 1200 m.  
2. Device fabrication 
Both devices were fabricated on 315 m thick double side polished, n-type, 3'' diameter (100) silicon 
wafers with resistivity between 1–10 ȍcm using standard MEMS bulk processing techniques.  The Cr/Au 
resistors for the membrane device were fabricated using a lift-off process [2], whereas the Ni was 
delineated by wet chemical etching.  Detailed processing steps for the membrane device are described in 
[2].  The processing sequence for the H device using Ni is very similar to the membrane device process.  
Figure 1 shows an optical micrograph of the membrane device and figure 2 of the H device. 
 
                                              
Fig. 1. Optical micrograph of a membrane-type bulk micro 
machined Pirani gauge. The metal lines are 20 m wide.  The 
membrane is 1 m silicon nitride extending over bulk etched 
silicon and the resistor is fabricated from 20 nm Cr/ 200 nm 
Au [2]. 
 Fig. 2. Optical micrograph of an H-shaped bulk 
micromachined Pirani gauge with increased thermal 
resistance of the silicon nitride as compared to the membrane 
device.  The two contact pads connecting the nickel meander 
resistor are partially visible at the lower left and right of the 
image.  
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3. Testing and Experimental Results 
Testing was performed in a high vacuum test station equipped with two XYZ manipulators.  At the end 
of the two manipulators, two copper probes are positioned to make contact to the pads.  Figure 3 shows a 
schematic cross-section of the test apparatus.  The laser is positioned on an XY stage on the outside of the 
vacuum system and the laser beam is directed through a quartz window directly over the resistor element.  
When testing with the laser, the power to the resistor elements is reduced to avoid self heating.  When 
testing without the laser, the power is about 1 mW for the membrane device and 0.1 mW for the H device.  
Measurements are performed in constant voltage mode, meaning the current is measured as a function of 
pressure and resistance R is obtained via 
 
R=V/I(p)  (1) 
 
with V the constant voltage across the resistor element and I(p) the pressure dependent current. Pressure 
is monitored via thermocouple and ion gauges. 
Figure 4 shows the relative resistance change of the membrane device as a function of pressure.  In the 
Joules heating mode, the power to the resistor, at atmospheric pressure, is 1 mW.  When using the laser, 
the power to the resistor is 0.18 mW.  Maximum sensitivity, the midpoint of the curves, is about 0.03 Torr 
for the Joules mode and 0.003 Torr for the laser mode, a reduction in measurable pressure range of one 
order of magnitude. The laser power was chosen so that the two curves exhibit about the same resistance 
change. Figure 5 shows the relative resistance change of the H device as a function of pressure.  In the 
Joules heating mode, the power to the resistor, at atmospheric pressure, is 0.09 mW.  When using the 
laser, the power to the resistor is 0.01 mW. Maximum sensitivity is about 0.006 Torr for the Joules mode 
and 0.003 Torr for the laser mode.  When operated in the laser mode, at pressures below 1.5x10-5 Torr, a 
steep rise in resistance change is observed, resembling a thermal run-away.  The temperature change ǻT 
above ambient can be calculated using 
 
ǻT = ǻR/{R(760 Torr)Į}  (2) 
 
with Į the temperature coefficient of resistance.  Resistance versus temperature measurements yielded an 
Į of 0.0035 K-1.                                       
Figure 6 shows the results of this calculation.  Whereas in the Joules heating mode, the maximum 
temperature rise is 23 K and saturates at lower pressures as predicted by kinetic gas theory [2, 3] it 
reaches 94 K when operated in the laser mode.  The reason for the temperature run-away is not 
understood at this time but is under investigation. 
 
4. Conclusions 
30 nm thick nickel meander-shaped resistor elements were fabricated on a 1 m thick silicon nitride 
membrane and an H-shaped bridge with d=1200 m.  It is shown that by heating the resistor element with 
a green laser, rather than by Joules heating as is customary for operating these micromachined vacuum 
gauges, the resistance versus pressure behavior shifts to lower pressures and that unexpected behavior 
occurs at pressures below 1x10-5 Torr.  According to kinetic gas theory, it is expected that below a certain 
pressure, which is determined by the geometry of the device and the thermal resistances of the metal lines 
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connecting the resistor element to the cold junction (silicon) and the silicon nitride, saturation should 
occur.  However, for the H device, the resistance still increases.  Additional work is being performed to 
gain understanding of this phenomenon. 
 
             
Fig. 3. Schematic cross-section of the test apparatus.  The two 
copper blocks ensure that the distance between the resistor 
element and the support platform is larger than d of the device.  
 
 Fig. 4. Relative resistance change (%) versus pressure of the 
membrane device when operated at 1 mW in the Joules 
heating mode and when operated with the green laser and 
0.18 mW in the Joules mode. 
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Fig. 5. Relative resistance change (%) versus pressure of the H 
device when operated at 0.09 mW in the Joules heating mode 
and when operated with the green laser and 0.01 mW in the 
Joules mode.   
 Fig. 6. Temperature rise above ambient of the Ni meander 
resistor element as a function of pressure. 
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